Оценки параметра сдвига распределения Стьюдента с малым числом степеней свободы by Бенинг, В.Е.
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pγ(x) =
Γ
(
(γ + 1)/2
)
√
πγ Γ(γ/2)
(
1 +
x2
γ
)− γ+12
, −∞ < x <∞. (1.1)
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e−yyz−1dy, z > 0.
 /# + γ = 1 +&( !< <" 2 
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Y =
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n ·X√
X21 + · · ·+ X2n
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Pn(x) = P(Y < x) = P
(
X < x
√
n−1(X21 + . . . + X2n)
)
=
=
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0
Φ(x
√
y)dGn/2,n/2(u) = EΦ
(
x
√
Un/2
)
, −∞ < x <∞, (1.3)
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 2 1 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0 &/ X1, . . . , Xn 
&. 1 n ≥ 1 +L&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/
TNn # +&1 TNn(ω) = TNn(ω)
(
X1(ω), . . . , XNn(ω)(ω)
)
&. 1 M&2L
0 ω ∈ Ω ,2 L(# /  Tn 2+/ L2&(# &
-H 7$ δ(θ)  t(θ) # / +L 12 θ ∈ Θ
Pθ
(
δ(θ)
√
n
(
Tn − t(θ)
)
< x
)
=⇒ Φ(x) (n→∞). (2.1)
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# 	  Tn  0 7	   BCDE F 
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 F (x, θ)
0
Pθ
(
δ(θ)
√
dn
(
TNn − t(θ)
)
< x
)
=⇒ F (x, θ) (n→∞),
)&  0 0)   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 H = {H(x, θ) : θ ∈ Θ}  7?  
H(x, θ) = 0, x < 0, θ ∈ Θ;
F (x, θ) =
∞∫
0
Φ
(
x
√
y
)
dyH(y, θ), x ∈ IR, θ ∈ Θ;
Pθ(Nn < dnx) =⇒ H(x, θ), n→∞, θ ∈ Θ.
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P(Np,r = k) = Ck−1r+k−2p
r(1− p)k−1, k = 1, 2, . . . (2.2)
K( r > 0  p ∈ (0, 1) h +2#  &. $&0 r &/ Ck−1r+k−2 +&.8
. 
Ck−1r+k−2 =
Γ(r + k − 1)
(k − 1)! · Γ(r) .
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ENp,r =
r(1 − p) + p
p
,
 / ENp,r →∞ + p→ 0 
$&( ?2&( +&  &(2 r + 8
&.H +$H  20 + ,&&  2# &/.
&/  +&2 !D D" h M /& + ,&&# +0 
-&. r8 + / /# & .( +0  2 +
 1− p 
<>   
   F ?) . r > 0
lim
p→0
P
(
Np,r
ENp,r
< x
)
= Gr,r(x)
  A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
E exp{itNp,r} = eit
[
p
1− (1− p)eit
]r
, t ∈ IR.
M2# +&(6. +& ez = 1 + z + o(|z|) !|z| → 0"# + 12 78
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2 t ∈ IR 2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E exp
{
it
Np,r
ENp,r
}
= E exp
{ itpNp,r
r(1 − p) + p
}
=
= exp
{ itp
r(1 − p) + p
}[ p
1− (1− p) exp{ itpr(1−p)+p}
]r
=
= exp
{ itp
r(1 − p) + p
}[1
p
(
1− exp
{ itp
r(1 − p) + p
})
+ exp
{ itp
r(1 − p) + p
}]−r
=
= exp
{ itp
r(1 − p) + p
}[
− 1
p
( itp
r(1 − p) + p + o(p)
)
+ 1 + o(p)
]−r
−→
[
1− it
r
]−r
+ p → 0 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 θ ∈ Θ
Pθ
(
δ(θ)
√
dn
(
TNn − t(θ)
)
< x
)
=⇒ Pγ(x) (n →∞),
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Pθ(Nn < dnx) =⇒ Gγ/2,γ/2(x), n→∞, θ ∈ Θ.
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2 γ > 0
+&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. (H  +22 γ +2  
pγ(x) = E
√
Uγ/2φ
(
x
√
Uγ/2
)
,
 φ(x) h . 2&(. +&(#  Uγ/2 h &/. &/ 
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 +&. Gγ/2,γ/2(x) 
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E
√
Uγ/2φ
(
x
√
Uγ/2
)
=
γγ/2
2(γ+1)/2
√
π Γ(γ/2)
∫ ∞
0
exp
{
− u
(x2 + γ
2
)}
u(γ−1)/2du =
=
γγ/2
2(γ+1)/2
√
π Γ(γ/2)
(x2 + γ
2
)−(γ+1)/2 ∫ ∞
0
exp{−z}z(γ+1)/2−1dz =
=
γγ/2
2(γ+1)/2
√
π Γ(γ/2)
(x2 + γ
2
)−(γ+1)/2
Γ
(γ + 1
2
)
=
=
Γ
(
(γ + 1)/2
)
√
πγ Γ(γ/2)
(
1 +
x2
γ
)− γ+12
= pγ(x).
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(
pγ(x) = E
√
Uγ/2φ
(
x
√
Uγ/2
)
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. EΦ
(
x
√
Uγ/2
)
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Pθ
(
δ(θ)
√
rn
(
TNn − t(θ)
)
< x
)
=⇒ P2r(x) (n→∞)
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Nn
nr
=
Nn
ENn
· ENn
nr
=
Nn
ENn
· r(n− 1) + 1
nr
=
Nn
ENn
[
1 + O
( 1
n
)]
=⇒ Ur
+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1
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 n & 
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P2(x) =
1
2
(
1 +
x√
2 + x2
)
, x ∈ IR. (3.1)
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p(x) log p(x)dx (3.2)
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Hq[p] =
1
q − 1
[
1−
∫ ∞
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pq(x)dx
]
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√
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π
Γ
(
1
q−1
)
Γ
(
1
q−1 − 12
)(1 + (q − 1)x2)−1/(q−1), x ∈ IR.
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P(Mp,r = k) = E exp{−Ur,p/(1−p)}
Ukr,p/(1−p)
k!
, k = 0, 1, 2, . . . ,
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p(z) =
log[1− (1− p)z]
log p
, |z| ≤ 1,
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P(Z1 = k) =
(1− p)k
k log p
, k = 1, 2, . . .
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EzS =
∞∑
n=0
qnz
n = exp
{
μ
(
p(z)− 1)}, |z| ≤ 1,
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qn = Cnn+r−1p
r(1− p)n, n = 0, 1, 2, . . . ,

r = − μ
log p
. (4.2)
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F (x) + F (−x) = 1, p(x) = F ′(x) > 0. (5.1)
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δn(X1 + a, . . . , Xn + a) = δn(X1, . . . , Xn) + a. (5.2)
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δ∗n =
∫ +∞
−∞ θ
n∏
i=1
p(Xi − θ) dθ∫ +∞
−∞
n∏
i=1
p(Xi − θ) dθ
. (5.3)
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√
n (δn − θ) =⇒ N (0, σ2), n→∞, (5.4)
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δn,1 = δn,1(X1, . . . , Xn)  δn,2 = δn,2(X1, . . . , Xn)
√
n (δn,i − θ) =⇒ N (0, σ2i ), n→∞, i = 1, 2, (5.5)
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 δn,2 
e12 =
σ22
σ21
. (5.6)
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√
n (δm,2 − θ) =⇒ N (0, σ21), n→∞, (5.7)
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 !2 m<En#  2 E D <#  @>F"
e12 = lim
n→∞
m(n)
n
. (5.8)
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 +&# +H-  +8
&(2 +&2 $ δn,1# $ δn,2 ?. +2 ne12 ?&H8
 # & e12 > 1#  $ δn,2 2+/ 01 $ δn,1 
&/ e12 = 1 M $ 2+/ M&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&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nq (δn,i − θ) =⇒ κiT, n→∞, i = 1, 2, q > 0, (5.9)
 7$. +&. &/ &/ T +   68
  
e12 =
(κ2
κ1
)1/q
, (5.10)
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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m<=n# m<Cn +6# / + (2 ?-0 &.0 &. M $ 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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√
n (δ∗n − θ) =⇒ N (0, I−1), n→∞, (5.11)
 I h 79. 72$.
I = E
(
p′(X1)
p(X1)
)2
. (5.12)
K22# / 2+/. +. I−1 $ 2M δ∗n +  18
 $ + 6  2sh ?6/2 q +&8
&( M0 2+/ 2&(0 $ δn,1 !
√
n (δn,1 −
θ) =⇒ N (0, σ21), n→∞" &( $ 2M δ∗n /6
e1∗ =
1
Iσ21
(≤1). (5.13)
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. +2 θ + 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20 8
 +&o0 &/0 &/ X1, . . . , Xn# 2H-0 7$H 8
+&. F (x−θ) & 7$. +&. F (x) 2&(#  ?/

X¯n =
1
n
n∑
i=1
Xi (5.14)
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n ≥ 1 $ !E <B" 2  1 +&#   &( ?&H 
 +( +&/. ?& /0 $ !2 m<Bn"   ?8
 0 ?&H ? /&(  +H 0
7$ +&. F (x) .&.. ?/. 2
Mn =
{
X(m), n = 2m− 1,
1
2 (X(m) + X(m+1)), n = 2m,
(6)
 X(1), . . . , X(n) h $ .# + + ? X1, . . . , Xn 
  &( ? 0 /& ?  
+  622 6&(2 !2 m<Bn# m<En#  @<=8@<J" 2 28
+22 21 2  2 .&.. ?# +2# [nα]
2(90  [nα] ?&(90 ?&H#  0≤α < 1/2#  ( 28
 /o0 0
L¯n =
X([nα]+1) + · · ·+ X(n−[nα])
n− 2[nα] (5.17)
& /o0 &0 2?$ +.0 
Ln =
1
n
n∑
i=1
cinX(i), (5.18)

1
n
n∑
i=1
cin = 1, cin = 0, + i ≤ [nα]  i > n− [nα],
& α8660 0 !2 m<Bn"
L¯∗n =
1
n
(
[nα]X([nα]) +
n−[nα]∑
i=[nα]+1
X(i) + [nα]X(n−[nα]+1)
)
.
22 1 $ ;1h'2 !2 mD>n  m<En  @@Jh@B<"
Wn = _UX
{
X(i) + X(j)
2
, 1≤ i≤j≤n
}
, (5.19)
 ( M 2 n(n + 1)/2 6/ (X(i) + X(j))/2 
 01 q $ !E <F" h !E <J" 2 ?( +&(6 &8
H- 6&( 
	  !m<En#  2 E @ D#  @<@" # 	  01 0 X1, . . . ,
Xn 
  ?  ? . !?   F (x−θ) # @
A 0 F (0) = 1/2  . !   F (x)   	 p(x) > 0
H √
n (Mn − θ) =⇒ N (0, σ2m), n→∞,
<C   

σ2m =
1
4p2(0)
. (5.20)
K22# /  M 2  ++&. 0	 7$
+&. F (x) 
	  !m<Bn#  2 @ <# @ D" # 	  01 0 X1, . . . , Xn

  ?  ? . !?   F (x−θ) # A
0 0 < α < 1/2  . !   F (x)  
  
  ? 0 ?  	 p(x) = F ′(x) > 0 HI
D
√
n (L¯n − θ) =⇒ N (0, σ2l )   n→∞ 
σ2l =
2
(1− 2α)2
(∫ ξ1−α
0
x2p(x)dx+αξ21−α
)
=
4
∫ ξ1−α
0 x(1 − F (x)) dx
(1− 2α)2 , (5.21)
F (ξ1−α) = 1− α.
C
√
n (L¯∗n − θ) =⇒ N (0, σ∗2l )   n→∞ 
σ∗2l = 2
∫ ξ1−α
0
x2p(x) dx + 2α
(
ξ1−α +
α
p(ξ1−α)
)2
.
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 '22 E @ @ !mDDn#  <>@" 
	  !mD>n# m<En#  @B<" # 	  01 0 X1, . . . , Xn 
@
  ?  ? . !?   F (x − θ) # A
0 . !   F (x)  
     ?
0 ?  	 p(x) = F ′(x) > 0 H
√
n (Wn − θ) =⇒ N (0, σ2w), n→∞,

σ2w =
1
48
(∫∞
0
p2(x) dx
)2 . (5.22)
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22 γ > 0# 7$.2 +&. Fγ(x−θ)  +&.2 pγ(x) = F ′γ(x)#
+&.22 92 !< <" 2 72 !/& + ?"
γ > 0 ++&. 62  0 < δ < γ  M +&. -
?&H 22 +. δ  2 < γ  2 < γ  M +&. -8
 +.# .  2 &/ 
γ
γ−2   0 < γ≤2 + 
- 
	
     <J
  
D F ?) γ > 0    . .! B BJDCEE
Iγ = E
(
p′γ(X1)
pγ(X1)
)2
=
γ + 1
γ + 3
. (6.1)
C F ?) x > 0   
pγ(x) ∼ γ2x, γ → 0 (6.2)

pγ(0) =
√
γ Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)
∼
√
γ
2
, γ → 0. (6.3)
K F ?) x≥0   
Fγ(x) = 1− xγ
γ/2 Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)(γ + x2)
γ+1
2
(
1+
γ(γ + 1)
(γ + 2)(γ + x2)
+ rγ(x)
)
, (6.4)
 01 0 rγ(x)  
rγ(x) =
γ2(γ + 1)(γ + 3)(γ + x2)
γ+1
2
x(γ + 2)
·
∫ ∞
x
dt
(γ + t2)
γ+5
2
. (6.5)
	
	 < 6 72& !< <" + &# /
p′γ(x)
pγ(x)
= −γ + 1
γ
· x
1 + x2/γ
, (6.6)
+M2
Iγ =
(γ + 1)2
γ
· Γ((γ + 1)/2)
Γ(γ/2)
√
π
·
∫ ∞
−∞
y2 dy
(1 + y2)
γ+5
2
. (6.7)

&# /. 72& !2 mDEn#  <C@"∫ ∞
−∞
x2t dx
(1 + x2)p
=
Γ(t + 1/2) Γ(p− t− 1/2)
Γ(p)
, t≥0, p > 0, (6.8)
+&/2
Iγ =
(γ + 1)2
γ
· Γ((γ + 1)/2)
Γ(γ/2)
√
π
· Γ(3/2) Γ((γ + 2)/2)
Γ((γ + 5)/2)
. (6.9)
 +( 6 9 !2 mDEn#  <C>"
Γ(t + 1) = tΓ(t), t > 0, Γ(1/2) =
√
π, Γ(3/2) =
√
π/2, (6.10)
Γ((γ + 2)/2) =
γΓ(γ/2)
2
, Γ((γ + 5)/2) =
(γ + 3)(γ + 1)Γ((γ + 1)/2)
4
(6.11)
 72& !F J" & 62  
D>   
D 
6&( & 6 72& !< <"# !F <<"# +&.
pγ(x) =
Γ((γ + 1)/2)
2Γ((γ + 2)/2)
√
π
· γ
γ+2
2
(γ + x2)
γ+1
2
(6.12)
 + 2287$ 
@  x > 0  /o2 72& !< <" 22
Fγ(x) =
1
2
+
∫ x
0
pγ(t) dt =
1
2
+
γ Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)
∫ x/√γ
0
dy
(1 + y2)
γ+1
2
.

&# . + /.2 &. p > 0# &1 +&/(∫
dy
(1 + y2)p
=
1
2p− 1
(
2p
∫
dy
(1 + y2)p+1
− y
(1 + y2)p
)
=
=
1
2p− 1
(
4p(p + 1)
2p+ 1
∫
dy
(1 + y2)p+2
− y
(1 + y2)p
− 2py
(2p + 1)(1 + y2)p+1
)
. (6.13)
M2# +&.
p =
γ + 1
2
,
22
Fγ(x) =
1
2
+
Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)
(
(γ + 1)(γ + 3)
γ + 2
∫ x/√γ
0
dy
(1 + y2)
γ+5
2
−
− x γ
γ/2
(γ + x2)
γ+1
2
− γ(γ + 1)x γ
γ/2
(γ + 2)(γ + x2)
γ+3
2
)
.
 +( 62 1 & 6 +&. / /&
rγ(x) !F E"  72& !2 !F C"# !F <<""∫ ∞
0
dy
(1 + y2)
γ+5
2
=
√
π Γ((γ + 4)/2)
2Γ((γ + 5)/2)
=
√
π (γ + 2)Γ((γ + 2)/2)
(γ + 3)(γ + 1)Γ((γ + 1)/2)
.
  +&(6. 72& !F @J"  !F B>" 21 +&/( ?&
/H ++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H
Γ((γ + 1)/2)√
π Γ((γ + 2)/2)
= 1 − γ log 2 + O(γ2),
+M2
pγ(0) =
√
γ
2
(
1 − γ log 2 + O(γ2)
)
.
	  F ! Mn Wn L¯n  δ
∗
n B BJDLE BJDME BJDNE BJKEE
  
D
σ2m = =
π Γ2((γ + 2)/2)
γ Γ2((γ + 1)/2)
∼ 1
γ
, γ → 0. (6.14)
	
     D<
C
σ2w =
4π Γ4((γ + 2)/2) Γ2(γ + 1)
3γ3 Γ4((γ + 1)/2) Γ2(γ + 1/2)
∼ 4
3γ3π2
, γ → 0. (6.15)
K $O ! Mn 	 ! Wn 
emw =
σ2w
σ2m
=
4 Γ2((γ + 2)/2) Γ2(γ + 1)
3γ2 Γ2((γ + 1)/2) Γ2(γ + 1/2)
∼ 4
3γ2π2
, γ → 0. (6.16)
P $O ! Mn  Wn 	 ! #G δ
∗
n 

em∗ =
1
Iγσ2m
=
(γ + 3)γ Γ2((γ + 1)/2)
(γ + 1)π Γ2((γ + 2)/2)
∼ 3γ, γ → 0, (6.17)
ew∗ =
1
Iγσ2w
=
3γ3(γ + 3) Γ4((γ + 1)/2) Γ2(γ + 1/2)
4(γ + 1)π Γ4((γ + 2)/2) Γ2(γ + 1)
∼ 9γ
3π2
4
, γ → 0. (6.18)
J
σ2l =
4
∫ ξ1−α
0 x(1 − Fγ(x)) dx
(1 − 2α)2 =
=
α
√
γ
(2α)1/γ (1− 2α)2
(
1 + O(γ)
)
, γ → 0, Fγ(ξ1−α) = 1− α, (6.19)
σ∗2l = (1− 2α)2σ2l +
4α2ξ1−α
pγ(ξ1−α)
+
2α3
p2γ(ξ1−α)
∼ α
2γ (2α)2/γ
, γ → 0,
 $O ! L¯n 	 ! Mn Wn δ
∗
n  L¯
∗
n 

elm =
σ2m
σ2l
∼ (2α)
1/γ(1− 2α)2
αγ3/2
, elw =
σ2w
σ2l
∼ 4(2α)
1/γ (1− 2α)2
3αγ7/2 π2
, (6.20)
el∗ =
1
Iγσ2l
∼ 3(2α)
1/γ(1− 2α)2
α
√
γ
, ell∗ =
σ∗2l
σ2l
∼ (1− 2α)
2
2γ3/2 (2α)1/γ
, γ → 0.
(6.21)
	
	 / 1. 2 + &8
 6 72& !E D>"# !E DD"# !< <"# !F <"# !F <>"# !F <<"# !E F"# !E <@"  +
7$ Γ(t) + t > 0 

12 +. 1 /& +12# /
ξ1−α → ∞, γ → 0, (6.22)
 Fγ(ξ1−α) = 1− α  72&  & 21 6+(
Fγ(x) =
1
2
+ x pγ(0) +
x2 p′γ(θx)
2
, θ ∈ [0, 1], (6.23)
DD   
+/o2 !2 !< <"# !F @""
pγ(0) =
Γ((γ + 1)/2)
√
γ
2
√
π Γ((γ + 2)/2)
, p′γ(x) = −
x(γ + 1)Γ((γ + 1)/2)
γ3/2
√
πΓ(γ/2)(1 + x2/γ)
γ+3
2
≤ 0, x ≥ 0.
M2 6 !F D@" & 
Fγ(x) ≤ 12 +
x Γ((γ + 1)/2)
√
γ
2
√
π Γ((γ + 2)/2)
 6/
ξ1−α ≥
√
π Γ((γ + 2)/2)(1− 2α)
Γ((γ + 1)/2)
√
γ
→ ∞, γ → 0. (6.24)
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Fγ(x) = 1 − x pγ(x)
γ
(
1 +
γ(γ + 1)
(γ + 2)(γ + x2)
+ rγ(x)
)
, (6.25)
+M2# /. !E D<"# +&/2
σ2l =
4
∫ ξ1−α
0 x(1 − Fγ(x)) dx
(1 − 2α)2 =
4
∫ ξ1−α
0
x2 pγ(x)
(
1 + γ(γ+1)(γ+2)(γ+x2) + rγ(x)
)
dx
γ(1 − 2α)2 .
(6.26)
22 /&&( 1. !F DF" 22∫ ξ1−α
0
x2 pγ(x) dx =
γ2 Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)
∫ ξ1−α√
γ
0
dt
(1 + t2)
γ−1
2
− γ(1 − 2α)
2
. (6.27)
 +(# /. 72&∫
dy
(1 + y2)p
=
1
2p− 1
(
2p
∫
dy
(1 + y2)p+1
− y
(1 + y2)p
)
, p = 1/2 (6.28)
 !F D="# +&/2∫ ξ1−α
0
x2 pγ(x) dx =
γ(1 − 2α)
2(γ − 2)
(
1 − ξ1−αγ
γ/2 Γ((γ + 1)/2)
(1 − 2α)√π Γ((γ + 2)/2)(γ + ξ21−α)
γ−1
2
)
.
(6.29)

&# ∫ ξ1−α
0
x2 pγ(x)
γ + x2
dx =
1− 2α
2
− γ
∫ ξ1−α
0
pγ(x)
γ + x2
dx =
=
1− 2α
2
− γ Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)
∫ ξ1−α√
γ
0
dt
(1 + t2)
γ+3
2
dx =
1− 2α
2
+ O(γ). (6.30)
&/ !2 !F E""∫ ξ1−α
0
x2pγ(x)rγ(x)dx≤ γ
2(γ + 1)(γ + 3)
γ + 2
∫ ξ1−α
0
xpγ(x)
(∫ ∞
x
dt
(γ + t2)2
)
dx. (6.31)
	
     D@
 ∫ ∞
x
dt
(γ + t2)2
≤ 1
x
∫ ∞
x
tdt
(γ + t2)2
=
1
2x(γ + x2)
,
+M2 6  !F @<" & $∫ ξ1−α
0
x2 pγ(x) rγ(x) dx ≤ γ
2(γ + 1)(γ + 3)
2(γ + 2)
∫ ξ1−α
0
pγ(x)
γ + x2
dx = (6.32)
=
γ2(γ + 1)(γ + 3)Γ((γ + 1)/2)
4(γ + 2)
√
π Γ((γ + 2)/2)
∫ ξ1−α√
γ
0
dt
(1 + t2)
γ+3
2
= O(γ2). (6.33)
 2 ?62 6 72& !F DF"# !F DJ"# !F @>"  !F @@" & 9
σ2l =
2ξ1−αγγ/2 Γ((γ + 1)/2)
(2− γ)(1− 2α)2√π Γ((γ + 2)/2)(γ + ξ21−α)
γ−1
2
+ O(γ). (6.34)
&.  72& !F B" x = ξ1−α# +&/2
α =
ξ1−αγγ/2 Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2) (γ + ξ21−α)
γ+1
2
(
1 +
γ(γ + 1)
(γ + 2)(γ + ξ21−α)
+ rγ(ξ1−α)
)
, (6.35)
+M2 6 !F @B" &# /
σ2l =
4α ξ1−α
(2− γ)(1− 2α)2
(
1 + O(γ)
)
. (6.36)
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α =
γγ/2 Γ((γ + 1)/2)
2
√
π Γ((γ + 2)/2)ξγ1−α
(
1 + γ
ξ21−α
) γ+1
2
(
1+
γ(γ + 1)
(γ + 2)(γ + ξ21−α)
+rγ(ξ1−α)
)
. (6.37)
M2  /o2 !F DB" 22
ξ1−α =
√
γ
( Γ((γ + 1)/2)
2α
√
π Γ((γ + 2)/2)
)1/γ(
1 + O(γ)
)
. (6.38)

&# + 72&  &# 22
Γ((γ + 1)/2) = Γ(1/2) +
γ Γ′(1/2)
2
+ O(γ2), Γ((γ + 2)/2) =
= Γ(1) +
γ Γ′(1)
2
+ O(γ2), (6.39)
 +(# /. 72& !2 mDEn#  DD>"
Γ′(1/2) = −√π (2 log 2 + C), Γ′(1) = −C, Γ(1/2) = √π, Γ(1) = 1, (6.40)
 C = 0, 5772157 · · · h +.. q&# +&/2 !2 !F @C""
ξ1−α =
√
γ
2(2α)1/γ
(
1 + O(γ)
)
. (6.41)
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σ2m = =
1
γ
+ 2 log 2 + O(γ), γ → 0

σ2w =
4
3γ3π2
(
1 + 8 γ log 2 + O(γ2)
)
, γ → 0.
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